In 1871, Surgeon-Major Furnell wrote an account of an operation before the discovery of anaesthesia: 'I can remember one of the first operations I saw. It was on a girl who had in childhood been burnt on the neck and shoulders. The cicatrix had contracted, drawing her head down on her breast and her lower lip away from the mouth, exposing the lower row of teeth and allowing the saliva to dribble. She consented to an operation, which by transplanting a piece of skin from her arm and dissecting the cicatrix would afford some chance of improving her appearance. The patient was tied to the operating table, as was customary, but before many minutes of the operation had elapsed, her cries to be untied and allowed to remain as she.was, were the most frightful. As the operation proceeded, her cries became more terrible; first one and then another student fainted, and ultimately all but a few had left the theatre unable to .stand the scene. I have since that time assisted at some painful sights. I have seen a man flogged for insubordination, but his sufferings were light as air compared with the agonies this poor girl must have underone'.
William Stewart Halsted: During his years at John Hopkins, Halsted was not only a notable trainer of surgeons but was also a teacher of anaesthesia, insisting that his students and assistants were trained in 'etherisation' until they were expert. Halsted was a skilled anaesthetist. Mostly he used the ether or Hyderabad cone, a mask made of calico or leather with an air hole, and with cotton wool or sponge at its apex. Ether, or chloroform, was poured into the cone which was placed over the patient's face.
In 1884 Halsted, with two colleagues, described nerve block with cocaine. Later Harvey Cushing, unaware of his chiefs studies, repeated much of this work and introduced the term 'regional anaesthesia' to describe pain relief by nerve block. In the years before and during World War I local analgesic techniques were used routinely for major operations. Today they are usually reserved for minor surgical procedures. In some centres still, major reconstructive surgery is performed using local analgesia, but it is usually in conjunction with heavy sedation, sometimes pushed to the point of general anaesthesia.
Harvey Cushing: Cushing's contributions to anaesthesia are many. In 1895, at Massachusetts General Hospital with a fellow student E A Codman (later a Boston surgeon), he devised the first anaesthetic record on which were charted observations of the pulse and respiration (Shephard 1965) . At this time there was no simple means of measuring the blood pressure, although Cushing attempted by palpation to estimate its tension. In 1901, following a visit to Europe where he saw Riva-Rocci using his mercury sphyngomanometer, he was able to revise his anaesthetic chart to include the blood pressure. Cushing started the practice of routine monitoring during surgery and his anaesthetists kept meticulous records of all details, including the pulse pressure (Vandam 1967) .
Insufflation anaesthesia and the airway
Cushing devised a mouth tube which kept the tongue out of the way and allowed endopharyngeal insufflation of ether. As a brain surgeon, Cushing knew of the difficulties of anaesthetizing acromegalies because their hypertrophic tongues tended to fall back and obstruct the airway. Occasionally he solved the problem by a preliminary tracheotomy, but more usually, after induction, he wrapped a silver tube with gauze, inserted it at the corner of the mouth so that it hooked up and held down the base of the tongue. Warmed vapour anaesthesia was given through it (Fulton 1946) .
In 1910, S J Crowe, then an assistant of Cushing, noticed in a catalogue of a Chicago instrument maker, a mouth gag with a tongue depressor attached, and appreciated that with adaptation it could be an improvement on the mouth hook. Griffith Davis strengthened it and attached a metal tube to the tongue blade through which ether could be given (Crowe 1957 ). Subsequently the gag was introduced to England by H E G Boyle. Davis was Cushing's anaesthetist at Johns Hopkins. Cushing was a painstaking, demanding surgeon and, as these were the days before intubation, Davis spent many hours in cramped positions givingether. He monitored the heart action 'wearing head band with receiver and tube leading from a phonendoscope' (Cushing 1909) .
Between the wars the gag, by now named the Boyle-Davis, was modified for cleft-palate surgery by Norman Dott, a neurological surgeon with a love for paediatric surgery. Dott's great contribution to plastic surgery was in the early 19308 when, for three years, he was responsible for the surgical training of A B Wallace.
The gag was further altered by Pomfret Kilner at the Princess Elizabeth Hospital for Children, Shoreditch. This time it was designed to accommodate an endotracheal tube. Although Ivan Magill used, indeed invented, the ftexometallic tube to anaesthetize infants for cleft palate surgery, Noel Gillespie, Kilner's anaesthetist, used a rubber tube, passed with his Shadwell laryngoscope. Gillespie, soon to depart for Wisconsin, was the author of a legendary monograph on endotracheal intubation (Gillespie 1948) . Although he left England, he was not truly representative of the brain drain as his parentage and early upbringing were, in half, 84/ American. Charles Frazier: Charles Frazier of Philadelphia was a general surgeon who devoted most of his time to head surgery. In 1906, rather than place the anaesthetist under heavy drapes with poor access to the airway, Frazier made him part of the operating team. He scrubbed up, put on a sterile gown and gloves, but did not play any part until the operation area had been cleaned and the operation was about to begin. Then he took over the anaesthetic. After handing over the patient, the anaesthetist who induced anaesthesia had the responsibility of recording the blood pressure (Frazier 1909) . (Many of the hospitals in the USA countered the problem of inexpert anaesthesia by employing graduate nurses. From 1901 onwards Miss Marie Rose, one of the first nurse anaesthetists, worked with Frazier. Cushing employed Miss Gertrude Gerrard. She succeeded Walter M Boothby as his anaesthetist in France in World War I, and remained with him when he returned to the Peter Bent Brigham Hospital, Boston.)
Frazier was one of the first surgeons to use insufflation anaesthesia in place of open drop ether. This was an advance when anaesthetizing for facial surgery or when the patient was in the face-down position. An insufflation machine was used which propelled the anaesthetic vapours through a catheter into the trachea. .
Chloroform and ether inhalers J
Since the first days of anaesthesia there have been experiments with various types of inhaler and many anaesthetists designed their own. Among the more popular, particularly on the Continent, was an ether inhaler described in 1908 by Louis Ombredanne, a Parisian with an interest in paediatric surgery. It was modelled on the Clover portable regulating ether apparatus of 1887. Ombredanne's inhaler has a rubber mask with finger rings. It fitted closely to the patient's face. Attached to the mask is a chamber, or vaporizer, through which the patient breathed. The chamber contains felt or sponge which was impregnated with ether and has a control knob and indicator over a small air inlet. As well as describing this apparatus, Ombredanne was the first to refer directly to the fact that carbon dioxide accumulation in the rebreathing bag played a part in maintaining narcosis (Thomas 1975) .
The Queen's Hospital, Sic/cup In 1916, Harold Gillies, together with Kelsey Fry, started the British Army's first plastic and maxillofacial unit at the Cambridge Hospital, Aldershot. They had no regular anaesthetist although three were supplied on a rota basis by the Royal Army Medical Corps including Captain Wade, a man of 'exceptional skill'. Despite this, Gillies' biographer wrote 'the sight of a man in a white coat hovering ncar with a chloroform bottle and gauze pad in one hand and a tongue forceps in the other terrified a generation of soldiers' (Pound 1964) . In 1917, under the leadership of Colonel Henry Newlands, an Adelaide surgeon, the unit moved to the Queen's Hospital, Sidcup -a number of huts in the grounds ofa family mansion.
Here they continued to treat facial injuries until the end of the war (Ward 1975) . The anaesthetic technique used at the time was ether, or chloroform, vaporized by hand bellows and delivered to the pharynx through an oral airway or a short rubber tube passed into the pharynx through the nose. In 1919, Ivan Magill was posted to Sidcup and was joined there by Stanley Rowbotham. They were faced with the need to provide anaesthesia for operations on the face and jaw lasting several hours when they were unable to interfere with the patient without contaminating the surgical field.
At Gillies' suggestion, they began to use intratracheal insufflation, a technique which entailed driving ether vapour, with the aid of a motor pump, through a gum elastic catheter placed in the trachea. The air current collected ether vaporized in a Shipway warm ether apparatus. They soon developed a two-catheter or two-tube system, the second tube to act as a return airway for the escaping vapour. This removed possible obstruction to the gas stream as well as enabling the pharynx to be sealed ofTwith a gauze pack. The surgeon also escaped the blast of the patient's ether and blood-laden expirations. Although initially passing the tube orally, they soon passed them nasally, one tube to each nostril, helped by a guiding rod or intubating forceps. With experience, these anaesthetists found it possible to pass the tube blindly. As insufflation of anaesthetic agents at highflow rates and at positive pressure for long periods is uneconomical and unphysiological, they decided to maintain anaesthesia using a single tube with a bore wide enough to allow to and fro breathing (Rowbotham & Magill 1921 , Rowbotham 1920 , Magill 1930 .
As well as pioneering intratracheal insufflation anaesthesia and endotracheal inhalation anaesthesia, Magill and Rowbotham designed or adapted laryngoscopes, breathing circuits, tubes (the first Magill tubes were made in Kelsey Fry's dental laboratories) for adults and infants, intubating forceps, cocaine sprays, endotracheal connections fashioned specifically to avoid distortion of the patient's features, and a host of other apparatus. These two men advanced anaesthesia throughout the world, 'but' writes Bryn Thomas ' it is evident that the actual machinery mattered little, it was the man and the method that counted' (Thomas 1975) .
Simple draw-over apparatus was much used about this time. Mostly they were modifications of the Flagg's can, a tin with a perforated lid which contained ether. A tube connected to one of the holes in the lid led to a pharyngeal airway or an endotracheal tube; thus the anaesthetist was able to stay clear of the operation site yet deliver the anaesthetic to the patient. Similar apparatus was still being used in central London in 1948.
Paediatric anaesthesia 'The top hat':
In 1925, Denis Browne, a pioneer in paediatric surgery, constructed an ether inhaler known as the 'top hat'. It was designed to keep the ether close to the face. A gauze pad, to hold the ether, was placed on top of the cylinder, and pushed down into the inhaler so that the patient breathed through ether soaked gauze. As soon as the patient was deeply asleep, Browne opened the mouth with a gag and continued the anaesthetic through a weighted and hooked mouthpiece. Many thousands of children were anaesthetized in this way and the 'top hat' was still in use in Great Ormond Street in the early years of the last war (Thomas 1975) .
The T-piece: In 1937, Philip Ayre of Newcastle-upon-Tyne devised a technique to anaesthetize infants with hare lip and cleft palate which was to change paediatric anaesthesia. To overcome resistance and reduce dead space he discarded the expiratory valve and the rebreathing bag and opened the anaesthetic circuit to the outside air. His apparatus consisted of a metal T-piece connected by about an inch of rubber tubing to an endotracheal tube. The side arm of the T-piece was attached to a Boyle's machine and the remaining inch was open to the outside air so that free respiration could take place. There have been many variations on the T-piece, including the Y-piece developed concurrently by Magill as part of his cleft-palate tube, and the J-piece devised, it is said, by John Hunter of East Grinstead, who bent the fresh gas inflow pipe through an angle of 90°to ease the arrangement of the tubing to the small patient. In 1960, Jackson Rees added a bag to the open end of the expiratory limb to permit intermittent positive-pressure ventilation, thus relieving the respiratory muscles of work should this be required.
Control ofbleeding
Although anaesthesia for head and neck surgery has been developing for over a hundred years, bleeding remains a problem, not only on account of blood loss which can be made up by transfusion but because operation areas are easily obscured by haemorrhage, and the formation of a haematoma may delay healing, perhaps leading to infection.
Techniques used at the turn of the century form the basis of current methods to control bleeding. Then the head-up tilt, even the sitting position, was advised to assist venous drainage, and among other methods used to stop bleeding were the infiltration of adrenaline and electric cautery.
Sequestration anaesthesia: In 1903, Professor Dawbarn of New York, applied sequestration anaesthesia to head and neck surgery. The method avoided haemorrhage at the operation site .by-pooling blood in the extremities by a combination of bandaging and gravity. The technique involved obstructing the venous return from the limbs of the anaesthetized patient by tourniquets. The patient was then placed in the sitting position and the operation started. Anaesthesia was maintained partly by ether and partly by cerebral anaemia. If shock occurred the tourniquets were released.
Cranial tourniquets: The technique of many nineteenth century surgeons to reduce scalp haemorrhage was to use a tourniquet. It was placed about the head and tightened, often with a key. An advance, in 1904, was a pneumatic tourniquet inflated by a bicycle pump, with a manometer to measure tourniquet pressure.
Controlled hypotension: In the early 1950s a new method of controlling bleeding was introduced. This involved the use of a ganglion-blocking agent to block sympathetic vasoconstricter pathways. Early experience showed that it was difficult to obtain adequate hypotension without the aid of posture so it became the practice to use tilt to 'pool' blood away from the operation site.
During the past 25 years opinions have fluctuated for and against controlled hypotension. The initial enthusiasm of many anaesthetists was not always supported by expertise-and disasters occurred. Despite this, Hale Enderby persevered with the technique, and it is largely due to the clinical and research work of Enderby and his colleagues that it is now accepted that deliberate hypotension, when given by an expert, carries no significant increase in risk to the patient (Eckenhoff et al. 1963 ). An important part of the 'Enderby' technique is positivepressure ventilation which, in addition to ensuring good oxygenation, can, by raising the airway pressure, reduce the venous return to the heart and the output of each ventricle.
